Calorimetric meas urements at 25°C of th e enthalpies of dilution of aqueo us H2 S04 (0.00090 to 6.4 mol · kg-I ), LiCI (0.026 to 6.7 mol · kg-I ), and HCI (0.018 to 1.6 mol· kg-I) have bee n perfor med us ing two different isothermal calor im eters. The result s of thi s work and that of three ea rli e r calorim etri c in vestigations and one Raman spectral investigation have been used to calculate values of th e relative apparent molal enthalpies, and relative partial molal enthalpi es for th ese electrolytes.
Introduction
The relative apparent molal e nthalp y (<I>L) I or hea t conte nt of sulfuric acid is a co mplicated fun ction of th e molality. The determination of this quantity requires an extrapolation of enthalpies of dilution as measured do wn to extrem ely low molalities .
Th e re have been numerous reports and disc ussions of th e relative apparent molal enthalpy of sulfuri c acid [1 -4). 2 At th e extreme dilutions attainabl e experimentall y, sulfuric acid is known to have un dissociated bisulfate ions [2] . This incomplete dissociation at the lowest dilutions complicates the extrapolation procedure, causes deviations from th e Debye-Huckellimiting law (DHLL), and makes the final calculated values of the relative apparent molal e nthalpy dependent on the method of data treatment.
Young and Blatz [2] performed an analysis of this problem in 1949. They took the degree of dissociation, and thence the en thalpy of dissociation, into consideration and ·Late professo r of chemistry at th e University of Chicago .
I Th e reader is referred to th e trea ti se of Harn ed and Owen [I] for the definition of th e terms used inl his pape r and to the glossary (sect. 6)for an ex planat ion orlhe sy mbols whic h we have used.
1 Fi gur es in bracke ts indi cate refe rences at th e end o f th is paper.
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perform ed a semi-theore ti cal calculation of the rela tive apparent molal enthalp), of sulfuric acid. They also found a systematic differen ce of 460 calories (l cal=4. 184 1) b etw een th e ir va lu es and those re ported in the literature [5] . This discrepa ncy was also confirmed later by Harn ed and Owen [1] . Se veral years lat er, Giauque and his co-worke rs at th e Universi ty of California b egan an analysis of th e thermodynami cs of sulfuri c acid [6] . Thus, the work of Young and Blatz [2] , the research of Giauque et al., and the earli er measureme nts of Gro enier and Young [7] indicated a need for additional experimen tal work on the dilution enthalp y of sulfuric acid which, in turn, led the junior a uthor (YCW) to und ertake this investigation, which also included measurements on aqueo us HCl and LiCl, as a part of his Ph.D . dissertation. While some of the results obtained herein have been c ited by Giauque et al. [6] and used both in the National Bureau of Standards Technical Note 270 Series [3] , and in the review of Pitzer et al. [8] , independent publication of the results was delayed by circumstances enco untered by the senior author (TFY). Publication at this time serves both to better document the experimental results and the method of data treatmen t and to honor the memory of the lat e T. F . Young and his dedication to science.
Experimental Procedure
Two calorim e ters of different se nsi tivities were employed d e pending on the molality. A calorimet er with lower sens itivity, a s descr ib ed by Young and his co-workers [9, 10], was used for most of the measuremen ts where the molality was greater than 0.01 mol kg-'. For tho se measurements b elow 0.01 mol kg-', a more sensitive differe nti al calorimeter was necessary. Th e latter instrument contained a therm el of 500 junctions on each side of a plastic plate which was held by petrol e um "wax" in the center of a large Dewar flask ha ving a volume of two liters. Its design was somewhat si milar to that of the ca lorimeter used by Lange and hi s co-wo rk e rs [11] . Details of the construction and operation have b een described by Fagley [12] and Kasner [13] .
All of the chemicals used in this stud y were purchased from Baker Chemical Company) as "Chemically Pure Analyzed Reagents." Relatively concentrated stock so lutions were pre pared and were analyzed by standard m et hods. The two acids were analyzed by titration with sodium hydroxide which had been standardized with potassium acid phthalate using phenolphthale in as an end-point indicator. The hydrochloric acid and the lithium chloride were analyzed gravimetrically by precipitation as silver chloride. Sulfuric acid was also analyzed by meas urement of its d ensity and comparison with data given in the International Critical Table s [14] . Duplicate analyses and analyses with different methods agreed to within 0.1 percent (for all stock solutions). All stock solutions were further diluted by mass to the various molalities necessary for each experiment. Some of the solutions produced during the dilution experiments were subjected to additional tes ts of analytical accuracy.
The laboratory's distilled water was furth er purified before use by redistillation with al kaline permanganate in a block-tin s till [13] . The specific conductance of all water us e d was lower than 10-6 ohm-' . cm-'.
The temperature sensitivity of the differen tial calorim· eter was about 2 f../K, which corresponds to an unce rtainty in the heat measure ment of 1.5 mcal. At a molality of 0.001 mol , kg-', the heat liberated on dilution of sulfuric acid was about 50 meal with a corresponding un ce rtainty of 3 per· cent. For lowe r molalities, th e heat lib erated would have decreased, thu s magnifying th e relative e rror . Therefore, th e hea t of dilution at 0.001 mol, kg-' was about the limit that this could be measured using the then existing instrumentation.
Th e temp era ture sensiti vity of th e less se n sitive calorime ter was about 20 f../K, which co rresponded to a se nsitivity in th e hea t m easure ment of 15 m cal. Thu s, for the enthalpy of J Ce rt ai n co mm erc ia l mate ri als arc id enti fie d in th is pa per in o rd er to a deq uat e ly s pecify th e experime nt al proced ures. S uc h id enti fica tio n does no t impl y reco mm e nda ti o n o r e nd o rse ment by th e Na tio n al Bureau of Sta nd a rds.
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dilution of HCI at about 0.02 mol , kg-', where the heat libera ted was about 60 mcal, the corresponding uncertainty is about 25 percent. However , th e heat lib erated for the enthalpy of dilution of sulfuric acid in the same molality range was abo ut fifty times larger and th e corresponding uncertai n ty was less than 1 percen t.
Results and Calculation
The method of treating the data is essentiall y th e same as desc ribed previously [10] . The molalities of th e initial and final so lution s are, respectively, m, and m2. The heat abo sorb ed is Q, and Q divided by the numb er of moles contained in the so lution is th e enthalpy of dilution from m, to m2, II ¢J d llm'!2 . The derivative of¢JL with respect to m'!2 is 5, which can b e obtained from a "chord-area" plot [15, 16] .
Th e experimental data are given in tables 1,2 and 3 and in figure s 1 and 2, where, for sulfuric acid, we also show the data of Groenier [7] , of Lange et al. [5] , and of Giauque et al. [6] . In order to calculate ¢JL at a given molality using the re lationship
o it is necessa ry to provide some form of extrapolation to zero molality to aid in th e integration of the chord-area plot. For HCl and LiCI, we have used th e Debye-Hucke l limiting law (DHLL) value of S° of 477 cal, moj-'!2 kg' /2 [16] .
For H2 S04 the situation is more complex and warrants additional disc ussion . From Debye -Huckel th eory, S° for a 2-1 electrolyt e is 2480 cal, mol-312 . kg" 2 [2] . In order to join thi s value with the experimental data in figure la, we consider one mole of H2 S0 4 to b e a mixture of a moles of H · H · S04 and (I-a) moles of H· HS04, where the dot betw ee n the symbols indicates the dissociation which has occ urred. Th e re lative apparent molal enthalpy of s ulfuri c acid will be
a ha s been evaluated by Young and Blatz [2] from Raman spectral data; we ha ve taken the enthalpy of di ssociation of bi sulfat e ion at infinite dilution (~i'S) as 5200 ca l , mol-'
[1]; we have estima ted ¢J L for (H' H· S04) from th e ¢J L data for Li 2 S04 [1]; we have used an average ¢JL for HCl and LiCl obtained in this investigation (see tables 6 and 7 and refere n ce [17] a This poi nt was take n to be an outli er and was given zero weight in the con struction of th e chord area plot.
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cu rve is the so lid curve from zero to 0.30 mol" 2 • kg-I 12 shown in figure lao Since this sem i-theo retical c urve, base d upo n th e above auxili ary information and ass umpti ons, is seen to be in good agreemen t with th e experim ental data from 0.04 to 0.30 mol l i2 . kg-I12, we feel reasonab ly co nfi· dent in relying up on it in th e low molality region 10 perform the integration of th e chord·area plot in obtaini ng <t>L valu es for H2 S0 4 • .!:iCI, and HCI calclliat ed using e q (1) and valu es o f L, and L2 calculated using th e r elation ship s:
It is interesting to note that our valu es of <P L for aqueous HCI compare very well with those "best valu es" co mpil ed by Parker [17] . Our corresponding values for LiCI are so me what high er than th ose given by Parker; th e discrepancy has been discussed by Wu and Friedma n [19] .
Glossary
H= enth alpy or heat co ntent 
S=d <P j dm" 2 Zi =ch arge of a n ion i a =d eg ree of di ssocia ti o n <PL = re la tiv e apparent mol a l e nth alp y Th e junio r auth o r (YCW), wi sh es to express hi s s incere app rec iation to Dr. Rob ert N. Goldberg fo r his valuable di s· c ussions thro ughout th e pre para tion of th e manuscript, and to Mr. W a lte r Le ight for hi s e n co uragem ent to document th ese results. He also thanks Mrs. Loui se Shannon and Mrs . Pa mela Tyeryar for their effort s in typing th e man uscripl. 
